Introduction
In the UK, an estimated 800 000 people are living with dementia. 1 Dementia is highly prevalent in the hospital setting, with a reported 42% of emergency admissions fulfilling the Diagnostic and Statistical Manual IV diagnostic criteria: caring for these patients represents a significant challenge to all health care professionals. 2, 3 Patients with dementia can suffer mood disorders, agitation and psychosis, grouped into the syndrome of Behavioural and Psychological Symptoms of Dementia (BPSD). 4 Depending on how it is defined, up to 100% of dementia patients may experience BPSD at some point, which can be distressing for both the patient and their carers, reduce quality-of-life and are associated with poorer clinical outcomes. 5, 6 It is therefore essential to adequately identify and treat patients suffering with BPSD.
For decades, doctors have turned to antipsychotics to treat BPSD, although not without controversy. 7 In the UK, antipsychotics are prescribed to 10% of patients with dementia in the community, and up to a third of dementia patients in care home settings. 8, 9 Through the 1990s and early 2000s, a growing proportion of patients with dementia were prescribed antipsychotics, driven by the new availability of second-generation (or atypical) drugs such as olanzapine, quetiapine and risperidone. is somewhat limited: evidence is conflicting, and statistical significance is not always matched with clinical benefit. 13 -15 The use of antipsychotics in older people is limited by their potentially dangerous safety profile. Of particular concern are the increased risks of cerebrovascular adverse events (CVAE) and death. 16 Evidence including data from randomized controlled trials suggests that the risk of CVAE is probably 2 to 3 times higher in patients prescribed an antipsychotic, 17 and the risk of death was found to be significantly higher (odds ratio (OR) 1.54) compared with placebo. 18 Overall, the adverse effects may completely offset the benefits of second-generation antipsychotics. 19 Given the limited efficacy and significant risks, it is not surprising that the continued use of antipsychotics has been controversial. In 2004, the UK Committee on Safety of Medicines issued a warning that risperidone and olanzapine increases the risk of CVAE and death in older patients, and they should not be used to treat BPSD. 20 In 2005, the US Food and Drug Administration (FDA) reviewed available evidence and determined that second-generation antipsychotics are associated with an increased risk of death. 21 Up to this point, antipsychotics had been prescribed 'off-label', that is, outside the terms of its licence (or marketing authorization). However, in October 2008, risperidone was granted a limited licence for BPSD. 22 But despite the recommendation that antipsychotics should only be used short term (if at all), the drugs are often inappropriately prescribed for extended periods, even on a repeating basis. 8 In March 2009, the Medicines and Healthcare Products Regulatory Agency (MHRA) published a warning in its Drug Safety Update about the risks of all antipsychotics in older people and added risperidone to its Black Triangle (P) list of medicines following the amendment to its licence, indicating the start of intensive safety monitoring. 23 Interrupted time-series analysis with segmented regression analysis is a method developed to investigate changes in prescribing patterns over time, to estimate the effect of an intervention. 24 A number of studies have used this approach to evaluate the effect of safety warnings on the prescribing of antipsychotics to patients with dementia. In a study of mixed inpatients and outpatients in the USA, antipsychotic use fell following the 2005 FDA warning, although a Canadian study found that prescribing continued to rise albeit at a reduced rate. 25, 26 While most studies have looked at antipsychotic prescribing practices in community and care home settings, as many as 40% of these prescriptions were initiated in hospital. 27 The aims of this study were to investigate the rate of secondgeneration antipsychotic prescribing in patients with dementia in a hospital setting and to determine whether prescribing behaviour changed around the time of the MHRA warning about their safety. In addition, risperidone prescriptions were examined, to determine the compliance with the limited terms of its licence.
Methods

Population and data collection
The study population was drawn from patients admitted to University Hospitals Birmingham National Health Service (NHS) Foundation Trust, a large acute teaching hospital in Birmingham, UK. The study included admissions between 1 July 2005 and 31 December 2011, a period covering the March 2009 MHRA safety warning, in which there were a total of 318 641 inpatient episodes. From these admissions, dementia patients were defined as those with any recorded International Classification of Diseases (ICD)-10 code in the range F00-F03, incorporating Alzheimer's disease, vascular dementia, dementia in other diseases classified elsewhere and unspecified dementia. Additional dementia patients were identified as those prescribed an anti-dementia drug (World Health Organisation (WHO) Anatomical Therapeutic Chemical (ATC) class N06D: donepezil, galantamine, memantine or rivastigmine), even in the absence of an explicit dementia diagnosis. These drugs are only licensed for use in dementia in the UK and have no other clinical indication, so are not likely to identify patients without dementia.
Demographic and clinical data, including age, sex, admission date and duration, and cerebrovascular co-morbidity, were obtained from the electronic patient record. Details of antipsychotic prescriptions, including drug name, dose, frequency and duration, were obtained from the electronic prescribing system. The mode of each prescription was determined as 'pro re nata' (PRN)-to be taken at the stated dose as required, 'regular'-to be given at regular intervals while the patient is an inpatient for the duration indicated and 'to take out' (TTO)-to be continued after discharge as a regular medication for a given duration. The secondgeneration antipsychotics fall in the WHO ATC class N05A and comprise: amisulpride, aripiprazole, clozapine, olanzapine, quetiapine and risperidone. In addition, patients prescribed both risperidone and furosemide were identified.
Statistical analysis
Monthly rates of antipsychotic prescribing are presented as percentages of all dementia patients admitted during the study period. Risperidone was separated from the other second-generation drugs, because as of October 2008, it was licensed for the short-term treatment of aggression in dementia, whereas the remainder were used 'off-label'. To test whether trends in antipsychotic prescribing practice were associated with the MHRA safety warning, segmented regression analysis was carried out using rates of prescribing as the dependent variable. Incorporated into the model were the continuous variables 'month of the study period' and 'month post-intervention', and the categorical term 'intervention' for the March 2009 warning: respectively, these covariates describe the gradient of antipsychotic prescribing before the intervention, the change in gradient after the intervention and the step-change that occurred at the time of the intervention. An additional categorical covariate of 'history of cerebrovascular disease' was included in the models, since an increased risk of stroke and transient ischaemic attack was specifically mentioned in this and previous warnings. There was potential for individual patients to be counted multiple times, if they had been admitted more than once during the study period. To take into account any within-patient correlation, analysis was carried out using generalized estimating equations, incorporating into the model the number of times each patient was admitted.
Results
Increasing incidence of dementia in the hospital population
Between July 2005 and December 2011, there was a steady increase in the number of admissions of patients with dementia each month (from 370 in the first 6 months of the study period to 670 in the last). Because of the variability in monthly admissions, antipsychotic prescriptions are expressed as rates. In addition to the increasing admission numbers, there was also a small but significant increase in the proportion of patients admitted with dementia, compared with the total number of patients admitted during this period (Pearson's R ¼ 0.57, P , 0.001; Fig. 1 ).
Over the study period, 4612 patients with dementia were admitted during a total of 7167 episodes. 3143 of these patients were admitted once, 1469 patients were admitted on more than one occasion.
Characteristics of dementia patients receiving an antipsychotic
Patient and admission characteristics were analysed to explore whether patients who were prescribed a second-generation antipsychotic differed from those given neither first-nor second-generation drugs. Dementia patients prescribed an antipsychotic had a median age of 83 (interquartile range (IQR) 79 -87), younger than those not prescribed the drugs (median age 85, IQR 79-89, P , 0.001, Mann -Whitney U test). The average duration of admission was also different: patients prescribed an antipsychotic had a median admission length of 10 days (IQR 3 -29 days), staying longer in hospital than patients not prescribed antipsychotics (median 7 days, IQR 2 -22 days, P , 0.001, Mann -Whitney U test).
Antipsychotic prescribing
Of the 7167 admissions identified during the study period, second-generation antipsychotics were prescribed in 1085 (15.1%, 95% CI 14.3 -16.0%). During most of these admissions, just one antipsychotic was prescribed (876 of 1085 admissions). However, in 25 admissions, 2 different secondgeneration antipsychotics were prescribed, and in 184 admissions, different combinations of first-and second-generation drugs were prescribed, to a maximum of 4 different antipsychotics. The majority of admissions (1055 of 1085) saw second-generation antipsychotics prescribed for use in hospital, of which 639 (61%) also received drugs on discharge. Only 30 admissions resulted in a TTO prescription without prior use during the admission.
The rates of second-generation antipsychotic prescribing were examined using generalized estimating equations with a binary logistic model, incorporating the March 2009 intervention date and a history of cerebrovascular disease. Risperidone was analysed separately, since it was licensed for the treatment of BPSD from October 2008. The rates of second-generation antipsychotic prescribing are shown in Fig. 2a . After the MHRA warning, the rate of prescribing declined compared with before (1.9% per month, 95% CI 0.4-3.5%, P ¼ 0.015; Table 1 ). There was no statistically significant step-change in prescribing rates (OR 0.76, 95% CI 0.56-1.05, P ¼ 0.091), and a diagnosis of cerebrovascular disease was not statistically significantly associated with antipsychotic prescribing (OR 1.19, 95% CI 0.92-1.54, P ¼ 0.18). 
Risperidone prescribing
After being granted a licence for the short-term treatment of BPSD in Alzheimer's disease, March 2009 saw risperidone added to the Black Triangle list of medicines. However, analysis of risperidone prescription rates did not reveal any change in practice after this intervention (0.3% increase in monthly prescriptions, 95% CI 22.6-3.1%, P ¼ 0.86; Fig. 2b) .
Risperidone use was investigated further to compare prescribing practices in this study to those recommended in the product licence. The recommended starting dose for the 
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treatment of aggression in dementia is 0.25 mg twice daily, up to a maximum of 1 mg twice daily. In this study, patients with PRN risperidone prescriptions had a median daily dose of 0.5 mg (IQR 0.5 -1 mg), similar to regular and TTO prescriptions, both with median daily doses of 1 mg (IQR both 0.5 -1.5 mg) (P ¼ 0.11, Kruskal -Wallis test). While none of the PRN daily doses exceeded the 2 mg recommended limit, 16 regular prescriptions (6.3%) and 6 TTO prescriptions (5.7%) were found to exceed this dose. Risperidone is licensed to treat aggression in Alzheimer's dementia for a maximum of 6 weeks (42 days). In this study, the median duration of PRN prescriptions was 3.5 days (IQR 1 -21 days) and for regular prescriptions was 4 days (IQR 1 -13 days). For TTO prescriptions, no prescription duration was recorded in 54 cases (51%). For those prescriptions with a duration indicated, the median was 68.5 days (IQR 13 -236.5 days). This is considerably longer than the 42-day limit given in the product licence. In total, 10 (3.9%) of the PRN and regular prescriptions had a duration exceeding 42 days, whereas 29 (56%) of recorded TTO prescriptions were for 42 days (P , 0.001, x 2 test). Finally, the revised risperidone product licence includes a warning that co-treatment with furosemide was associated with an increase in mortality and that prescribers should exercise caution when using the drugs together. 22 In this study, only 41 patients were prescribed both risperidone and furosemide; however, there was a clear rising trend in their concomitant use (Fig. 2c) .
Discussion
Main findings
Between July 2005 and December 2011, an increasing number of patients with dementia were admitted to the University Hospitals Birmingham NHS Foundation Trust, reflecting a growing prevalence of dementia in the inpatient setting. The ageing population is likely to explain some of the increase, as might improving recognition of dementia as an important co-morbidity and therefore its inclusion in coded admission notes.
In this study, patients prescribed a second-generation antipsychotic were on average younger than those not given the drugs and tended to stay in hospital for longer. Over the entire study period, an average of 15.1% of admissions of dementia patients resulted in an antipsychotic prescription. Segmented regression analysis of second-generation antipsychotic use (excluding risperidone) revealed a reduction in the rate of prescribing after the March 2009 MHRA safety warning. Despite addition of risperidone to the Black Triangle list of medicines in March 2009, there was no change in the trend of its use, which continued to rise as other secondgeneration drugs were used less. While the licensed dose was rarely exceeded in these patients, other limits of the licence were often ignored: patients were frequently prescribed risperidone for prolonged periods, and its concomitant use with furosemide increased over the study period.
What is already known
In care home settings, antipsychotic use in patients with dementia has been estimated at between 18 and 30%, with patients frequently receiving multiple prescriptions over relatively short time periods. 8, 28 Additionally, as care home patients get older, they are less likely to be prescribed the drugs. 29, 30 In the USA in the late 1980s, there were concerns that conventional antipsychotic drugs were being over-used in patients with dementia, and change in the law resulted in a decrease in their use. 31 In the wake of the more recent warnings, similar drops in antipsychotic prescribing have been seen in community settings. 25, 32 What this study adds This study looked for the first time at second-generation antipsychotic use in hospital inpatients with dementia. A similar proportion of inpatients were prescribed the drugs as patients in community settings. Moreover, when the information was recorded, TTO prescriptions for risperidone were often written for several weeks. It has been noted previously that many dementia patients in the community have antipsychotic treatment initiated in secondary care, and prescriptions are often continued on a repeating basis. 8, 27 Therefore, the true extent of long-term antipsychotic use is likely to have been under-estimated in this study. It is imperative that any attempt to reduce their use is targeted at both primary and secondary care settings. After the MHRA warning against their use, rates of antipsychotic prescribing reduced. This is consistent with direct health care professional communications of this sort influencing practice in a hospital setting. However, the relatively modest change in prescribing rates suggests that there is room for improvement. It is important to ensure that the warnings reach those doctors writing the prescriptions. For example, with the arrival of electronic prescribing with clinical decision support, reminders of the warnings could appear before each prescription is issued. A more fundamental limitation to the impact of warning against antipsychotic use in patients with dementia is the lack of alternative, evidence-based strategies to treat BPSD. Risperidone remains the only antipsychotic licensed for use in BPSD, and although it was added to the Black Triangle list of medicines in March 2009, there was no change in prescribing practice, and its use continued to rise at the same rate as before. This emphasizes the need for alternative treatments, before warnings are likely to be fully adhered to.
Limitations
The segmented regression analysis employed in this study offers a powerful quasi-experimental method for associating changes in clinical practice with safety warnings. 24 However, because of the observational nature of the study, it is only possible to state that the change in prescribing occurred at the same time as the warning, not because of it. It is possible that an additional, unknown factor, coincident with the MHRA warning, also influenced practice.
It is possible that the reduction in use of second-generation antipsychotics seen here was accompanied by an increase in first-generation drug use, with doctors potentially reverting back to the older drugs. However, it has been shown previously that this is unlikely to be the case. 33 Indeed, analysis of first-generation antipsychotics confirms that, after March 2009, the rate of prescribing fell significantly compared with before (2.7% per month, 95% CI 1.3 -4.1%, P , 0.001). Therefore, this study reflects a true overall reduction in antipsychotic drug prescribing.
The University Hospitals Birmingham NHS Foundation Trust is a large hospital with a high throughput of older patients with medical problems. However, since the study was conducted on only one site, it may not be fully representative of other hospitals.
Finally, this study only looked at rates of prescribing, and not of medicines actually administered. Also, all types of prescription were considered together (regular, PRN and TTO). Therefore, these results may not reflect the true level of antipsychotic consumption. However, 96% of TTO and 98% of PRN prescriptions occurred in admissions where antipsychotics were also prescribed as regular medication. Most importantly, the purpose of this study was to examine doctors' prescribing habits; therefore, the analysis of prescriptions issued remains valid.
